A frica all the diseases th a t affect olive trees are o f fungal origin (G o rter, 1959). O f these, anth racn o se is perhaps th e m ost destructive. The fruit-decay for w hich it is responsible was know n in the late tw enties to occur in the coastal regions o f the western Cape Province (V erw oerd, 1928). It was n o t before 1935, how ever, th a t the cause o f the disease w as identified as an an thracnose fungus o f the Gloeosporium type.* W hen the w riter investigated this disease in 1938, he was struck by the fact th a t the causal fungus produced a bright red pigm ent in its hyphae on various culture m edia. This was unlike the cultu ral characteristics th a t Biraghi (1934) had described for Gloeosporium olivarum A im ., a fungus w hich has, until now, been considered the only know n agent o f an thracnose in olives. In ad dition it was found th at the disease could attack the flowers (G o rter, 1960), a sym ptom w hich had not been described before.
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In South A frica all the diseases th a t affect olive trees are o f fungal origin (G o rter, 1959) . O f these, anth racn o se is perhaps th e m ost destructive. The fruit-decay for w hich it is responsible was know n in the late tw enties to occur in the coastal regions o f the western Cape Province (V erw oerd, 1928) . It was n o t before 1935, how ever, th a t the cause o f the disease w as identified as an an thracnose fungus o f the Gloeosporium type.* W hen the w riter investigated this disease in 1938, he was struck by the fact th a t the causal fungus produced a bright red pigm ent in its hyphae on various culture m edia. This was unlike the cultu ral characteristics th a t Biraghi (1934) had described for Gloeosporium olivarum A im ., a fungus w hich has, until now, been considered the only know n agent o f an thracnose in olives. In ad dition it was found th at the disease could attack the flowers (G o rter, 1960) , a sym ptom w hich had not been described before.
T hus the question arose w hether the local an thracnose fungus should be considered a v arian t o f G. olivarum Aim . o r w hether it was a closely related species. It was essential to com pare it with olive an th racn o se fungi from other parts o f the w orld as well as w ith fungi responsible fo r sim ilar fruit tree diseases. Investigations concerning these com parisons, a prelim inary acco u n t o f w hich has appeared elsewhere (G o rte r, 1956) are repo rted in detail below.
M at er ia ls a n d M etho ds
As these investigations were started im m ediately p rio r to W orld W ar II, isolates o f olive anthracnose fungi co u ld be obtain ed only from a lim ited num ber o f countries. In the first place, isolates were obtain ed fro m P ortugal, the country from w hich the disease was originally described (A lm eida, 1899) . O ther isolates cam e from Italy via the " C entraal Bureau v o o r Schim m elcultures" a t B aarn, H olland and from C alifornia in the U nited States o f A m erica. Shortly after the w ar, cultures were obtained direct from Ita ly .f Tw o aspects o f the fungi were studied in detail viz. the cultural characteristics o f the m ycelium on various cultu re m edia an d the m orphology o f spores produced on these m edia. The agar m edia used were prepared according to the specifications o f Rawlins (1933) . C olours o f m ycelium and acervuli were recorded by com paring w ith the stan d ard colours described by R idgw ay (1912) . Spore m easurem ents were m ade by suspending the spores in cooled m elted w ater agar and exam ining a d ro p o f the suspension betw een a slide an d a cover slip under the m icroscope. T he congealed agar prevented m ovem ent o f th e spores d u rin g m easurem ent w ith an eyepiece m icro m eter.
Valid conclusions a b o u t the dim ensions o f spores can be draw n only if the num ber o f spores m easured is enough to allow for a statistical analysis. A ccording to Blum er (1926) a t least 100 spores should be m easured to o b tain regular variation curves for length an d w idth w hich are essential requirem ents for such an analysis. T hus m easuring 100 spores from each isolate o n a given su b strate was ad o pted as a standard procedure.
T he spore m easurem ents were analysed in two different ways. To determ ine the m odus, i.e. the m ost com m on spore size, the m easurem ents were arranged in correlation tables sim ilar to those used by Levine (1928) . Differences in shape between the spores o f the various fungi were determ ined by applying the discrim inant function to spore m easurem ents as p roposed by Baten (1944) .
Spore shapes o f all the olive an th racn o se isolates were determ ined. In addition the spore shapes o f the anth racn o se fungi fro m a few com parable diseases were studied, i.e. strains o f Glomerella cingulata (Stonem an) Sp. & v. Schr., Col/etorichum gloeosporioides Penz. and Gloeosporium lim etticolum Clausen. They are respectively the cause o f anth racn o se in apples, oranges and limes. C ultures o f these fungi were obtained from the " C entraal B ureau v o o r Schim m elcultures " w ith exception o f a chrom ogenic strain o f Glomerella cingulata w hich was kindly provided by Dr. M . C. G oldsw orthy o f Beltsville, M aryland in the U nited States o f Am erica.
Stock cultures o f the fungi were m aintained on oatm eal agar because it provided the best culture m edium for the p ro d u ctio n o f spores. On m ost o ther ag ar m edia, including po tato -d ex tro se ag ar sporulation decreased w ith successive transfers and soon stop p ed altogether.
C u l t u r a l C h a r a c t e r s t ic s
In T able 1, the cu ltu ral characteristics o f olive anthracnose isolates from four different co u n tries situ ated in three continents have been com pared on three agar culture m edia. T he m ost striking difference between the South A frican isolate an d the oth ers is the entirely different co lo u r o f the substrate m ycelium . In the three overseas isolates it is a shade o f olive green but in the local fungus it is bright red.
Differences in pigm entation were also no ted in the acervuli o f the tw o types of fungi. T his was show n by the follow ing experim ent. Sevillano olives were divided in tw o groups w hich were respectively inoculated w ith the W .P. (S outh A frica) and U .S.A. (C alifornia) isolates o f the olive an th racn o se fungi. A fter four days incubation under m oist conditions a t 2 7°C, an ab u n d an ce o f acervuli was produced on affected fruit. The acervuli o f the W .P. isolate, h ad an " o range-rufous " colour while those o f the U.S.A . isolate were " cinnam on rufous " . O n potato-dextrose agar their colours were " s a lm o n -o ra n g e " an d " a p rico t b u f f " respectively. Sim ilar differences in co lo u r o f su b strate m ycelium and acervuli were encountered if the W .P. isolate was co m pared w ith the an th racn o se fungi from sim ilar diseases except in th e case o f the chrom ogenic strain o f Glomerella cingulata. T he existence o f a chrom ogenic strain characterized by the pro d u ctio n o f a red pigm ent on p o tatodextrose ag a r was originally discovered by Shear & W ood (1913) .
In 1943 a sim ilar strain was isolated by M . C. G oldsw orthy from an unknow n variety o f apple near W ashington, D .C . (A ndes & K eitt, 1950) . I t was this strain th a t was com pared w ith the W .P. isolate o f the olive an th racn o se fungus (see T able 2). T he com parison show s th a t as far as cu ltu ral characteristics are concerned the differences between the tw o fungi are so sm all th a t they could be identical. 
S p o r e M e a s u r e m e n t s
T he spore dim ensions o f Gloeosporium olivarum were originally described by A lm eida (1899) as 15-27 X 4 -6 fi. C ab ral (1941), w ho reinvestigated the disease in P ortugal m entions the follow ing dim ensions: 9 -4 -2 2 -5 X 3 -7 -5 -6 /i. In the case o f the local olive an th racn o se isolate the w riter determ ined the dim ensions from its natural h a b ita t as being 1 2 -9 -1 9 -7 X 3 -7 -6 * 4 ji (M ean : 16-48 X 4-88 /1). T his show s good agreem ent in spore size between the fungi from the two countries and if only this m orphological c h aracter were tak en into acco unt there w ould be no reason to consider the local an th racn o se fungus different from Gloeosporium olivarum Aim . How ever, it was observed th a t the olive an th racn o se isolates from Italy and C alifornia, although culturally sim ilar to the Portuguese isolates, had slightly thicker spores and a closer study o f spore shapes was therefore considered necessary.
A t first only culturally sim ilarly looking fungi were com pared including those from related an th racn o se diseases. T hey were grow n on oatm eal ag ar for ab o u t four weeks a t a tem p eratu re o f 25 °C. O f each culture 100 acervuli spores were exam ined under the m icroscope at a m agnification o f 900 X . In T able 3 the spore m easurem ents are analysed according to m ean, variatio n and m odus. R esults o f com parisons between spore shapes according to their discrim inant functions are given in T able 4. M odus values as well as spore shapes show th a t the spores o f Gloeosporium olivarum (4 P ort.) and G. limetticolum are identical. T he sam e applies to the spores o f Gloeosporium olivarum (U .S.A .) and Glomerella cingulata. The spores o f Gloeosporium olivarum (C.B.S.) an d Colletotrichum gloeosporioides m ay also be considered identical in spite o f the fact th a t the F-value fo r the difference in spore shape is significant (T able 6). Saunders (1 9 3 9 ) has pointed o u t th a t the significance o f a difference m ust be accepted w ith reservations if the nu m b er o f degrees fo r freedom in a statistical analysis is very low unless the significance, i.e. the F-value, is very high. As this is n ot so in o u r case and as the m odus o f the spore m easurem ents for b o th fungi is the same, the shape o f their spores can be considered identical. T able 5 show s th a t the m odus values for the spores o f b oth olive anthracnose fungi fro m P o rtug al an d S o u th A frica were identical while those for the chrom ogenic strain o f Glomerella cingulata were b u t slightly different. Differences in the latter were in fact so sm all th a t fo r practical purposes their m odus values could be considered identical w ith those o f th e tw o olive an th racnose fungi. This was confirm ed by a com p ariso n o f their spore shapes (T able 6) w hich show ed th a t differences in the shape betw een the spores o f th e local olive an th racn ose fungus and those o f the chrom ogenic strain o f Glomerella cingulata w ere even sm aller th a n betw een the spores o f the tw o olive an th racn o se fungi ju s t m entioned. T he identity o f the spore sizes and shapes o f th e local an th racn o se isolate fro m olives and Gloeosporium lim etticolum from limes is obvious. T he above findings an d the fact th a t the spore size o f G. lim etticolum was found identical w ith G. olivarum (4 Port.) all p o int to identical spore shapes in the anthracnose fungi from olives in P ortugal and South A frica, the anthracnose fungus from limes and the chrom ogenic strain o f the anthracnose fungus from apples.
On the oth er h and there was a distinct difference in shape betw een spores o f the local olive anthracnose fungus and olive anthracnose isolates from Italy. This is found clearly expressed in the different m odus values. These values greatly resem ble the values for Colletotrichum gloeosporioides, in fact they are identical for the C.B.S. isolate and C. gloeosporioides. A study o f their spore shapes revealed the interesting fact th at their differences were o f the sam e ord er as betw een different isolates o f G. olivarum in Italy. As the variability o f Colletotrichum gloeosporioides is well know n (Burger. 1921) those facts strengthen the possibility th a t anthracnose o f olives in Italy is caused by strains o f Colletotrichum gloeosporioides.
A lthough it has now been ascertained th a t the local anthracnose fungus o f olives was n o t only culturally identical w ith the chrom ogenic strain o f Glomerella cingulata but also identical as far as spore shape is concerned, the question rem ained how to nam e the fungus. The answ er depended o n w hether this chrom ogenic strain should indeed be considered a form o f G. cingulata. We have already seen th a t it differed from this fungus in having n arrow er, m ore pointed, spores. M oreover, A ndes & K eitt (1950) stated th a t the chrom ogenic strain, an d in fact all strains w ith n arro w pointed atypical spores, have never p roduced perithecia, n o t even in cross breeding experim ents. However, still another difference was found, viz. the way in which spores are produced o n potato-dextrose agar. S hear & W ood (1913) already pointed out th a t the ch ro m o genic strain produced an abu n d an ce o f spores in the aerial mycelium o f the fungus when grow n on p o tato-dextrose agar. It was also noted th at these spores were slightly sm aller th an those produced in the acervuli. The identical phenom enon was observed for the South A frican olive an th racn o se fungus. It now rem ained to ascertain w hether this phenom enon did also occur in cultures o f Glomerella cingulata and Colletotrichum gloeosporioides.
T herefore, a chrom ogenic an d a non-chrom ogenic strain o f Glomerella cingulata were grown on potato-dextrose ag ar for fo u r weeks at 25 °C. F o r purposes o f com parison, cultures o f Colletotrichum gloeosporioides, Gloeosporium lim etticolum and olive anthracnose isolates from P ortugal, Italy and South A frica were also included in this test. M easurem ents were m ade o f spores borne on the hyphae as well as in the acervuli. The m easurem ents are recorded in Table 7 . These show th a t all species w ith a spore w idth < 5 have a spore size w hich depends on w hether the spores were form ed on the hyphae o r in the acervuli. Fungi w ith a spore w idth > 5 /i like Colleto trichum gloeosporioides an d the non-chrom ogenic form o f Glomerella cingulata are show n to possess negligible differences in the dim ensions o f the two types o f spores. W hile the m ycelium spores were p roduced in abundance in the first group of fungi-spores narrow er th a n 5 ji-they were sparsely form ed in the second group giving the im pression o f being widely dispersed grow ing acervuli spores. The difference in the tw o groups o f fungi is fu rth er illustrated in the following com parison o f spore size variation in m ycelium and acervuli spores o f Gloeosporium olivarum (Ax Port.) an d Colletotrichum gloeosporioides. F o r C. gloeosporioides the variation in length and w idth o f b o th types o f spores were practically the sam e:-variation m ycelium spores: 9 -1 -17* 1 X 4 -0 -6 -3 //, variation acervuli spores: 1 2 -5 -1 8 -3 X 4 -5 -6 -3 ft.
In the case o f Gloeosporium olivarum (Ax P ort.) there is no such overlapping of the v ariatio n s:-variation mycelium spores: 4 -5 -1 0 -3 X 2 -3 -4 /i, variation acervuli spores: 9 -1 -1 4 -9 X 3 -4 -4 6 ju. The figures show clearly th a t in this case two kinds o f spores are involved. 
D is c u s s io n a n d C o n c l u s io n s
The foregoing investigations have established firstly th a t the local anthracnose fungus o f olives is m orphologically an d culturally indistinguishable from the chrom o genic strain o f Glomerella cingulata th a t Dr. M. C. G oldsw orthy isolated from apples. Secondly it was shown th a t isolates o f Gloeosporium olivarum and related anthracnose fungi fall into two groups w hich are defined as follow s:-(a) the Glomerella-Colletotrichum group w hich is characterized by conidio-spores w ith a w idth m odus equal o r larger th an 5 and which altho ug h very variable in size, have sim ilar dim ensions on potato-dextrose agar w hether borne on individual hyphae or in acervuli. (b) the Gloeosporium group characterized by conidiospores w ith a w idth m odus sm aller than 5 n and which produces two types o f spores-m icro and m acroconidia-on potato-dextrose agar, each w ith com paratively little variation in size. In this type o f anthracnose fungus production o f perithecia has never been observed.
It could be asked, how ever, w hether distinctions based on differences in spore size are valid reasons for distinguishing anthracnose fungi. Some investigators (K ruger, 1913 (K ruger, , Burger 1921 ) m aintain th a t spore size is not a good criterion. H owever, they base their opinions largely if no t exclusively on the large variability in the length of spores an d fail to appreciate the im portance o f spore w idth as a shape-giving factor. The foregoing experim ents have clearly shown th a t under varying conditions o f grow th the w idth o f spores varies m uch less than the length. In addition the statistical analyses carried o u t show ed th at w ith regard to spore shape w idth was a m ore im po rtant factor th an length. T herefore, in the opinion o f the a u th o r, spore dim ensions, or rath er spore w idths, m ay undoubtedly be used as a differential character for the identification o f anthracnose fungi.
F rom the description o f the two groups it is obvious th a t the chrom ogenic strain o f Glomerella cingulata falls into the second group and its designation as Glomerella cingulata is therefore incorrect. In this connection it should be rem em bered th at E dgerton (1915) has already distinguished between perithecia-form ing and non-perithecia-form ing anthracnose fungi from apples, identifying the latter by the nam e Gloeosporium fructigenum Berk, and th at the au th o r o f the nam e (Berkeley, 1856) has noted th a t the spores o f this fungus were n o t as variable as those from The investigations have also show n th a t Gloeosporium fructigenum f. olivarum and Gloeosporium fructigenum f. chromogenum are apparently not the only fungi capable o f causing anthracnose disease in olives. T here is evidence that olives are also subject to attack by Colletotrichum gloeosporioides Penz. from citrus and Glomerella cingulata 
